Abstract. The industrial combustion sector needs relatively simple but accurate radiation gas model to perform multiphysics simulations. Built with high resolution spectral absorption line databases, the Spectral-Line-Weighted-Sum of Grey-Gases model (SLWSGG) with a restricted number of grey gases, may meet this need. This paper presents an easier method to optimise the SLW grey gases in comparison with the original method. The optimisation procedure proposed in this work is based on total quantities values (radiative fluxes or source terms) analytically calculated on the equivalent 1D medium. 
Background
There is still a need in the industrial combustion sector for an easy-to-use, not too time-consuming and nevertheless reasonably accurate radiative model for high temperature gases. As the absorption coefficient of combustion gases strongly varies with temperature, wavelength, composition and pressure, these criteria are hard to meet. Commercial codes often rely on rather simple absorption models for gases to solve the Radiative Transfer Equation (RTE) in multiphysics simulations. The relatively simple Weighted-Sum-of-GreyGases model (WSGG) has been first developed by Hottel and Sarofim [1] and is still widely used in the industry. It uses emissivity values to determine the grey gas absorption coefficients and the associated weights. The radiative heat transfer rate can then be calculated for each grey gas (1) or with a global absorption coefficient. Such a model, formulated in terms of absorption coefficient, allows any solution method for the radiative transfer equation. [6] developed the SLW-1 method which only uses 1 optimised grey gas (and one clear gas) but, as accuracy generally improves as the number of grey gases increases, we investigated a 3 grey gases optimisation procedure in order to obtain a good balance between precision and computational time.
The SLWs and their grey gas(es) optimisation processes
The SLWs models use ALBDF functions [5] errors between the total emissivity values calculated with 3 optimised GG and the true emissivities (computed using 20 GG) for a set of M path lengths (L) covering the domain of interest (3) (4) . So the range, the number of values and the repartition of the path lengths within the range have to be chosen. The combinations are numerous and the results of the optimisation, as well as the solution of the RTE, depend on these choices.
Our aim was to tune a systematic and robust procedure for optimising the grey gases. We have tried different combinations but none was the best for all the 1D cases tested. The optimisation was tricky: different initial values lead to different solutions because the function to minimise had local minima. The reference (average) temperature can be understood, and consequently calculated, in different ways. We noticed that the results were generally better using the T 4 field instead of T field.
In the SLW-1 model of Solovjov et al. [6] , a reference state is also needed. An isothermalhomogeneous gaseous layer bounded by black walls at 0K is used to fit the SLW-1 reference parameters: k 1ref , ω 1ref . These parameters are determined with a constraint related to 1D exact total quantities (F, Q…). Those have to be correctly replicated by the SLW-1 model at two different locations (optimised positions) in the domain. The reference cross-sections are calculated and the local parameters (k 1loc , ω 1loc ) are then estimated using the original SLW reference approach. Solovjov et al. showed that using F and Q values gave rather good results. , The present work derives from their developments.
The modified optimisation procedure
In this work, the Solovjov approach is applied to develop SLW-3 optimisation methods. An average thermophysical state is used in the optimisation process. The reference temperature is calculated using the T 4 field and the reference molar fraction is the spatial average value. 
Results
The method is tested on 1-D problems at atmospheric pressure. In these problems water vapour or carbon dioxide (in air) between two infinite parallel walls is considered. The source term profiles of these gaseous media are calculated using the Discrete Ordinates Method (S20). The results obtained are compared with LBL, 3 optimised grey gases (based on emissivity values) and 20 grey gases calculations. For the 3 GG optimisation based on emissivity, we took path lengths ranging from D/100 to 10D and used 5 path lengths by decade. The first two test cases come from Denison's dissertation [5] and have been used in the SLW-1 publication [6] .
Water vapour: isothermal, homogeneous
In this test case, water vapour at 1500K, Y=0.5 between 2 grey walls (ε=0.6) at 1200K and 600K is considered.
Figure 2: source term profiles for 50% H 2 O at 1500K
The line-by-line profile comes from Denison's work [5] , the SLW-1 profile comes from [6] and uses an optimisation procedure based on 2 Q values, the other profiles have been calculated with 20 GG or 3 optimised GG. 
Carbon dioxide : non-isothermal, non-homogeneous
The third case is taken from the work of Weçel et al [7] . They use a more recent spectral database (CDSD 1000 (CDSD -2003 . It is interesting to see if the D&W's correlation, built with an older database (HITRAN 1991 D&W [5] ), would give very different results. The figure 6 presents the evolution of the directional intensity emitted by a black wall at 800K which propagates through a participating gaseous medium. 
Conclusion
The alternative optimisation procedure proposed in this work provides a more straightforward method to optimise the SLW's grey gases. The results obtained are rather good. The original optimisation procedure, that uses emissivity values, can give better results but the choice of the path lengths distribution is not obvious and none of those we tested proved to be the best for all cases considered [6] . With this new procedure there is no need to tune parameters. The procedure could be extended to 2-D and 3-D radiation problems using a reference 1-D model defined as an isothermal and homogeneous medium between 2 black walls at 0K. The distance between the walls would be then related to the mean beam length of the 2D or 3D problem.
